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Bipolar power device having an Mtegrated thermal protection for driving electric loads 



(57) A rrowftttcaJy integrated power device for 
driving electrical loads cooprises a power stage (1) 
including a higtvvottage bfcriar transistor (TR1) and a 
k*M**age auxiliary transistor (M or TR2) cascade- 
connected and inserted between a first power supply 
termnal (C) and a second power supply terrnmal (S) of 
the device. The power device also comprises a driver 
circuit (4) for the power stage (1) having an rput con- 
nected to an input terrrinat (IN) of the device 

In accordance with the present irventfon the device 
iodides a orcurt (3) for protection (hereof against an 
excessive temperature rise and conirolwg power down 
of the power stage (1 ). ft comprises spedficafy a tero- 
peratjre sensing area* (5) which generates a signal 
dependent on the temperature present in tie device, a 
corporator circut (6) which receives fas signal and 
compares it with a reference voftage (VREF) and at 
least a first switch circuit (It) generating an fterrJction 
signal when the temperature in the device exceeds a 
preset rraximuiTi value and which is interiocked with an 
output of the corrparator circuit and conrwr^ foricfion- 
afly ftrough its output to the power stage 

The device is advartageousfy usable e.g. in a fiuo- 
rescent lamp aViving circuit that is to say the so-catted 
lampbalast". 
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The present Invention relates to a bpotar power 
device having an integrated thermal protection for dnV- 
tog eiecticat loads. 

hi parfjaiar he power device comprises a power 
stage inducing a higtvvoltage bpotar transistor and a 
bipolar <*MOS type tow-votegea^ 
nected in cascade. A cir ait tor driving tie power stage 
is also included to the device. 

By way of non-finriUng example axpSch reference is 
made in fie Mowing description to a fluorescent tamp 
or tube driving system comprising a pair of power 
devices of the type descrtoed above. 

As wefl known, power devices are norma*/ used tor 
diving electrical loads. In numerous applications end 
***** the scope of the present invention the power 
device consists of a threeHermtoaf Integrated compo- 
nent 

The present Invention relates to particular to a txpo- 
far power device. This type of device is used eg. for 
high-voltage appfcafions, even on the order of hun- 
dreds of volts and, to which a MOS power device cannot 
be used. A preferred application of this trree-termtoal 
device is eg. a fluorescent lamp or tubedrivtog system 
to the power device are normaly Integrated mono- 
Wicafly a power stage and a corresponolng driver dr- 
oit which controls power up and down of the power 
stage depenclng on an appfed external signal. 

One shortcoming which can occur during operation 
of a power device is accidental tenperature rise toside 
the device This ternperaiure rise can be duo to a mufti - 
pficny of causes. For example. rnaffurtctkx^ of toe cir- 
cuit driving toe power stage causes an excessive power 
cfesipaiton and hence a further temperature rise. Some- 
times damage of the cooling system, or more stopry 
temperature increase to the surrounding due to the 
presence of heat sources produces a substantial irter- 
naJ temperature toaease. Operation of the device to 
»wse cases can be conpromised. Somettoim its dam- 
age is such as to make it unusable. 

to toe area of three-terminaf bipolar power oevices, 
to protect agahst excessive tenperature rise so as to 
avoid the above mentioned shortcomings, apparatuses 
external to the device are commonly used to a fluores- 
cent lamp or tube drivtog system is used a mechavcaf 
protection device known to those stalled to the art as 
solder spot The latter cornprises a niecharicat appara- 
tus mounted on the power device package. Usually this 
apparatus consists of a pair of toeing metal reeds hav- 
ing a known thermal behaviour and is placed above the 
heat sink connected toermaffy to toe device. The 
mechanical apparatus acts as a temperature sensor 
and as a protection. Upon the occurrence of reaching 



an alert tenperatore, Le. as soon as the lerrperature in 
toe power device exceeds a predetenntoed maanurri 
value, i intervenes to dfeconnect a pc^supc4y terrni- 
nal ol the device from me dertrical pewer few of toe 



This type of toermaf protection exhtorts however 
numerous Drawbacks, a g_ poor accuracy of the operat- 
ing temperature and slow htervertion. to addition, toe 
protection apparatos increases the overal cftnertsfon of 

to toe power ctevice and <xx*i^ 

erably the cost of toe system tor the user. 

the technical problem underlying toe present 
inventofetoconcerveabir^ 
preaston and speed of operafion as soon as the lem- 

w peratum exceeds a [jrede^ 

at toe same time effeefve under any operating conol- 
lions and tor any appficalfoa enters fluorescent fern 
driving dr curt 

One purpose of toe present tovenficn is also tat of 
w achieving a thermal protection for toe bpofar power 
device permitting reduction of the space occupied by 
Ihe device and drastic reduction of application costs. 

Summary Of tr^rrv^nfinn 

zs 

to accordance wito the present invention a rnono- 
Wwcafly Integrated power device tor drivtog efectrical 
toads axnprises a power stage including a h&*ctege 
bipolar transistor inserted between a frst pow* supply 
» lenn^r^asecondpowers^ 

device and having at least one control tenrfiiaj; in par- 
ticular the power stage also comprises a tow-voftage 



age transistor. This auxiliary transistor can be either 
» MOS or txpolar witoout distinction. The power device 
also comprises a driver circuit of thenar stage havtog 
at least one output connected to the power *age control 
terminal and an input connected to an irtorjf termtoaJ of 
toe device. 

40 to accorclancev^tr>e present tover^th^ 

toctodes a circu* tor protection thereof against exces- 
sive temperature rise. 

The toermal protection drcuftcwitrolsrjower Aiwn 
of toe power stage. It comprises srjedficaly a terrpera- 
45 wnstog circUt which generates at its output a ag- 
naf dependant on the temperature presem to toe device 
a cornparator circuit which receives f^rignaf and corn^ 
pares * with a reference voltage and at least a frst 
switch circuit which generates an interdiction signal 
so when the temperalure in the device exceeds a p<edeter- 
mined maximum value and is interlocked with an output 
of the cornparator droit and functionally connected 
trough its output with the power staga to practice toe 
first switch crojrt is pref erabfy connected to the tow-vorl- 
ss age auxiliary fransistor. 

In acoordance with a preferred embodrment of the 
present invention, the toermal protection circuit com- 
prises in addition a second switch droit inserted 
between the comparator circuit output and a control 
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node of said driver tiro* and toteriocted with then* 



put of toe 

to accordance wrto the present tovenbon n addGon 
■"thedeMcepreferattythec^^ 
protect craft are boft Jed by said k^terrn^. 5 

Preferably in the device the reference voltage is 
generated by a circut also integrated inside it This cir- 
cuit can be of he type already used ccmrnonry in tie 
prior an fx generating a voltage independent of ternper- 

On the basis of the sofufen idea uiderfytog the 
present toventwn toe technical prottem is solved by a 
nwnrjfthicatry integrated bipolar power device for driv- 
ing electrical loads, of the type descnbed above and 
deTnedh the characterize r^ f5 
ing. 

The characteristics and advantages of the power 
device in accordance with the present tovertfon axe set 
forth in tie description of an embodiment toereof gten 
betow by way of nco*nrting example with reference to 20 
tie annexed drawings. 



invention. The device is monofifticafty jntegrated and 
has three terminals lor electocal conoecfion. namety a 
first and second power supply terminals and an rput 
terTninaJ respectjveTy todfcated by the letters C, S and 



Brief c^scnMmo<tt^rtny^ 
In toe drawings: 



na 1 shows a block cSagram of a opobr power 
device with integrated toermaf prolog to accord- 
ance wim toe present towertfon. 

FIGS. 2 and 3 show bfock diagrams of (he power * 
device m accordance with the present invention, in 
which the power stage comprises a high-voltage 
bipolar transistor connected in cascade with a low. 
voltage auxTiary transistor, x 

HGS. 4a and 4b show two errfcocSments of the 
driver circuit respectively for the two power stages 
diagrammed in the two preceding FIGS.. 

40 

Fia 5 shows a preferred embocfiment of a drcuft 
for generating a reference potential independent of 
ternperature, 

FIG. 6 shows a preferred ernbocSment of a senstog 45 
<*ait and a comparator crcut, 

FK3. 7 shows an electrical diagram of a frst and 
second switch circuits, and 

FG.Bshc^a^aprj6cati<xiof ^ 
ance with the present invention to a fluorescent 
lamp driving system. 

Petafledd<*reirfpn & 

FIG. 1 shows a general block diagram of a bfcoiar 
power device with thermal protection for driving electri- 
cal loads and provided in accordance with the present 



The device comprises a t^rxlar power stage, M- 
catedintefigu^byblCKfcl.whi^ 
ton of ohving an electrical toad connected thereto. The 
power stage 1 1s inserted between toe first r*>wer supply 
terminal C and toe second power supply lemwiaJ a A 
control terminal OR of the power stage permits Its onv- 
^>o control terminal DR can represent eg the 
base terminal of tie power fransistor. 

toctoded to toe device and comected to the power 
stage, and spedficaffy to the contorftemMDRofthat 
stage, is another logic circuitry which estatOshes and 
controls its power up and down. 

^logfccmjrtrycomp^ 
estabfishes completely the electocal state of conoteta 
«inte«Sc6onof trie power stage 
peratue operating conditions- The driver stage 2 com- 
prises essenfafy a driver droit 4 and is toserted 
between tie control terminal DR of the power stage 1 
and the Input terminal W in such a marwer astoccuple 
> power stage to tw above meritt^ 

h accordance with the present invenSon. Wegraied 
moncmcaBy in the device fe a thermal protection or- 
curt, enclosed by the broken fine indeed to the figure 
by reference number 3. The thermal rjretecfen circuit 3 
actsluricttonalywlte 

ferred errtwdirnert of the fxeserrt irver^ siiown in 
twfig^eisfedbytheiiputefTrtnallN. The function of 
the thermal protection circut is to perrrrt self -power 
down of tie device, - 

In the thermal protection circuit 3 are specif icaty 
rKtodedtr»Uk>tfngc*c^ 

tore sensing circuit 5, a comparator crcurt 6. a btock 
representing at least one switch droit 7 and a croit 8 
tor generating a reference potential VREF. 

The temperature sensing circuit 5 generates at its 
output a vottage signal dependert cn toe temperature 
present in the device. Preferably this sip^ fe chosen in 
sudvam^ 

Commonly n acceptance with the rjrior art, the ternper- 
afc*e dependence of the vottage drop at the ends of a 
gectybiasedbase-er^er juri CO onc4al least one trarv 
astor rtegrated to the circuit and used as a sensor is 
ufifeed. as explained below. 

The comparator circuit 6 has a first unconnected 
to the senstog droit 5 to receive the above mentioned 
tenperature^ependent signal, a second input con- 
nected to a node REF of the device kept at the refer- 
ence potential VREF. The amparatc* droit 6 also has 
an output connected functtonajy to tie switch drcort 

The switch draA 7 Is inserted between trie output 
of tw comparator circuit 6 and the cc^ terminal OR 
of the power stage 1 and is imenodtedwrthiherjutputof 
toe comparator crcurt to control power down of the 
power stage. 
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In accordance witi the present invention in actfbon 
preferably the driver drcuft 4 and Vie tormal protection 
droit 3 are both led by the input terminal IN. 

As shown in FIG 1 the droit 8 generates inside 
the device to reference potential VREF independent of 
to temperature through an output thereof connected to 
the node REF. Power supply of the droit 8 takes place 

The power device operates as Mows. 

Ouring use of the device, to one of the two power 
supply terminals C and S is usuafly appfied a constant 
wtege.wf^cxitheotherenorn^^^abad-Tb 
the input terminal IN is appfied a variable external sig- 
nal The dnVer dicutt 4 controls alternately power up 
and down of tie power stage 1 depending on to signal 
appfied to the Input terminal H When to signal 
received by the driver circuit from the irpu terminal \N 
takes on a rnaxtmura value, ie. for example is positive, 
to driver circuit suppBes a current to the control termi- 
nal DR. la to the base of me power transistor whfch n 
Ws case is put on. On the contrary if the signal at to 
input terminal ft has a minimum value. Le for example 
to fenrfnaf is appfied a zero or negative potenfcd. to 
power bansstor is switched off . 

Under normal operating concfitions, i.a as long as 
the temperature does not exceed a prDdetemwed max- 
imum value, the thermal protection circuit 3 is off and 
does not influence operation of the power stage t. 
which is completely determined by the driver circuit 4. 
Indeed, to vatoe of to voltage generated by to tem- 
perature sensing droit 5. and appfied in particular to 
to first input of to comparator, is greater than to con- 
stant reference value VREF present at to node REF. 
The oufcut of to comparator circuit 6 is therefore high. 

If the temperature increases accidentaiy, the value 
of to signal generated by the temperature sensing cir- 
cut 5 and variable rnonotonicatfy witi the temperature 
decreases gradually and gets near to reference value 
VREF. When the temperature reaches a maximum pre- 
set value, the comparator circuit 6 switches and causes 
irtervertkxi of *>e thermal protecSoo circuit 3. 

The tenperatire sensing circuit 5 parameters are 
chosen In such a manner that exactly cot espondng to 
said temperature vatue the value of the voltage gener- 
ated by to c^cuit equals to valued to referenced 
age preset and generated by to reference tircuH 8. 
When the two voltage values are equal, both the inputs 
of to comparator droit 6 are at the same potential and 
to droit 6 switches. The comparator circuit 6 In turn 
lakes into conduction the switch circuit 7. The tatter has 
to ftjKtion of turning off to power stage 1, by generat- 
ing an interaction signal and applying it to to control 
terminal OR. 

WWwi to scope of the present invention, to bipo- 
lar power stage is aoVantageously of to type cornpns- 
ing a Ngh-vonage bpolar transistor and a low-voltage 
auxfiary transistor cascade-connected This low-vottage 
auxfiary transistor, which facBtates driving of the high- 
voltage transistor, can be MOS or bpolar without cfis- 



6 

ttocfoa * is to tose configurations agnominated com- 
monty 'emitter-swtcfing* tot to present irwerrlon 
relates. 

VWh reference to FIGS. 2 and 3 tore are shown in 
5 order to two above menfioned cases tor irrtf emenSng 
to power stage 1. In tose FIGS, are shown to same 
reference numbers and symbols as in FIG. 1 for equal 
Wocta ard etements. 

As shown in tose FIGS, to power stage 1 
10 «nctodesanrpnrjir^pc^ 

vcftage MOS transistor or a low-voltage bipolar transis- 
tor, kxfcaled by M and TR2 respectively in FIG. 2 and 
FIG. 3. The two transistors are inserted in cascade 
between to first and to second power supply tarm?- 
is nats. C and S. of to device, A dode DO is also con- 
nected in reverse bias between to first and second 
power supply terminals, C and a in paralei wfth said 
transistors. 

As may be seen in FIGS. 2 and 3 the power stage 1 

so includes in pracfice two control nodes, namely a frst 
control node DR1 constituted by fie base of to power 
transistor TBI and another control node identified by 
to symbol DR2 which coincides with to auxffiary tran- 
sistor contrd rwde. respe^ 

2S tor M or the base of to transistor TR2. 

The driver circuit 4 acts functionally on bofi to 
transistors of the power stage. Indeed ft is connected 
through Its output to both the control nodes DR1 and 
DR2 of to related transistors. Power up and down of 

so to two transistors are controled sirruHaneousfy by 
connecting their control nodes DR1 and DR2 to to 
power supply terminal through to driver droit 4. In 
other words tie tatter supplies to current in to base 
necessary far turning on the bipolar transistors TR1 and 

35 TR2, or H permits to charge of to transistor gate M. 
wtien to potent appto IN takes 

on a positive value. 

The functional conrtecSons of the thermal protec- 
tion droit 3 and in particular of to final block wrich 

40 exercises control over to power stag© 1, La. of (he 
switch circuit 7. are shown spec*k^toRGa2anda. 

to practice to switch droit 7 oVectfy controls 
power down of to auxttary transistor, save H is con- 
nected trough a first output toreof to to central node 

45 Of^hisiiotedthaleoVartt^geousty 

power stage takes place specif icaly by taking into inter- 
diction to auxfiary transistor and not to power transis- 
tor cSrecty. This aflows decreasing the switching fme of 
to device. 

so tn aaxrdance witi a prefened errxxxfrnent of to 
present invention as shown in FIGS. 2 and 3 and rjffer- 
enfly from to generic oTag/am of FIG. 1 to switch cir- 
cuit 7 also has a second output toncfionaHy connected 
totodrrverdrcufl4.Tr*ir<e^ 

55 to switch circuit 7 if to internal temperature of to 
device reaches (he above mentioned maximum prede- 
termined value, as discussed above, for turning off to 
power stage 1. acts therefore both on to auxKary tran- 
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sister TR2 or M and on tie driver cfctut 4. In Ois man- 
ner a double control is enraised 

Any*** in prinqpie it would suffice tat the owtch 
cirait 7 ad rirecfy only on the power stage 1. even 
tough hi Ms case a wouti be necessary to oversize 
ttie thermal protection circuit 3 to alow far fie current 
which in any case would be supplied by the power sup- 
pty terminal IN through fie driver circuH 4 krned on. 

Tteccrfirjjratk* shewn in 
Kary transistor is of the MOS type, is |>a/ticUafty advan- 
tageous. The auxSary transistor M alows aching 
Ngh performance in toe transitory phases, U at the 
moment the power stage 1 is switched on or off. 

In comparing fie ernbocSment of FIGL 8, containing 
in the power stage 1 a bfoolar transistor TR2, wito the 
configuration contatotog the MOS of FIG. 2, the folow- 
ing phenomena should be considered. Current absorp- 
Bon by the input terminal tor driving the power stage 1 is 

******* fannef 0358 because ** turnfog on the 
transrsicx TFC I is necessary to supply to te base a not 
negfigfcle driving current In addition there must be corv 
sidered the so-calad storage fme for the ransfetor 
TR2, La. time tor storing the charge at the related con* 
trot node. 

With particular reference to a preferred embodi- 
ment of toe driver stage 2 and the toermal proiaction cir- 
cuit 3. to FIG& 4a. 4b. 5. 6 and 7 toe tocfivkJuaJ bfocte 
are shown separately tor clarity. 

In FtQS. 4a and 4b are shown electrical tfagrams 
of a driver or cud Inofcated as a whole simBarry to the 
previous FIGS, by reference number 4. FK1 4a rotates 
precisefy to a preferred embodiment tor the case of the 
auxSary transistor M. white FIG. 4b shows an adapta- 
tion of the same enntoodirnent to the case wheretoe aux- 
iliary transistor is bipolar, i.e. TR2. 

Wdh reference to FK3L 4a the diver droit 4 com- 
prises a resistor R1 connecting the base 0R1 of the 
power transistor TR1 (not shown in this FIG.) to the 
input terminal IN. To drive toe auxiSary transistor M the 
driver drwit 4 in the preferred embodimenl toctodee a 
pop transistor Ti Inserted between the control node 
DR2 of the transistor and the input termhaj IN of the 
device. To a control node of the transistor Ti are con- 
nected a resistor R3 and an npn transistor 72. Another 
resistor R2 is inserted between the input termtoal IN 
and a control node SW of the driver emit 4, to which is 
also connected a base terminal of toe transistor T2. The 
resistors R2 and R3 and the transistors T1 and 12 aflow 
driving of the aiodfiary transistor M. 

Different* trom FIG. 4a, FIG. 4b ccnpnses another 
resistor R20 in series with the fransfetor TI and toserted 
in series with the resistor R2 between the irput terrrinaf 
IN and the control node SW of the driver droit 4. The 
presence of this resistor aBows accurate regulation of 
the cunent supplied to the base termtoal DR2 of the 
bipolar transistor TR2 by fie input terminal IN. 

Thedrrvercircuit 4 of FIGS. 4a and 4b keeps on the 
high-voftage bipolar transistor TR1 and the tow-voltage 
auxffiary transistor TR2 or M, when an adequate posi- 



tive voftage is applied to the toput termtoal IN of toe 
device. The cunent at toe base DR1 of TBI is suppfed 
through toe resistor R1. The base of T2 is connected to 
the terminal IN through toe resistor R2 and receives a 
5 current such as to take it into saturation Once 12 is 
t*ned on. through R3 flows a current whJch switches TI 
on The con* d node DR2 is thus at the potential of fie 
terminal N without the saturation vofiage of T1 to toe 
case of auxSary MOS transistor M. whle it is at the con- 
ic? auction potential of toe transistor T1 to case of a bpofar 
auxitiary transistor, i.e TR2. Consequenty the auxBarv 
transistor is Uned on. 

fci FK1 4a fortoermore toe presence of the cf odes 
02 and DZ which are connected respectively to forward 
15 and reverse bias between toe control node DR2 of the 
a uniary transistor M and toe ground norJeGNOpermte 
pretectal of toe transistor from posstte overvoftages. 

If toe power device is used ag. in a fluorescent 
lamp driving system In which, as darted below to 
20 ^ ec^rxiwerdevtoes operate alternately, dur- 
tog a certain length of time the power device must be 
tomed oft In tots case on fie toput terminal IN is applied 
a potential less than or equal to zero. The hfo^voKage 
bWar transistor TR1 no longer receives cunent at its 
ss basetemtirtf om.Ontheotoerhar^ 

sistor is off because the node OR2 is grounded. The 
charge accumulated at the node DR2 discharges " 
through the diode 01. which is connected in parallel 
wHh the transistor TI and which prevents the node DR2 
30 from ***** to potential of toe input terminal IN 
reached during turn-on phase. Advantageously turn off 
of toe auxTtary transistor consequently causes switch 
off ol the Wgh-vortage transistor TR1 which therefore 
takes place mens rapidly. Elimination of the charge at 
* the base DR1 of TR1 ao^miated duing the preNnous 
on phase is made even taster by the dfodes 03. 04 and 
05. connected to series between toe base node DR1 
and ground GNQ. hn FIGS. 4a and 4b are shown three 
of these diodes but her number could of course be cfif- 
*> ferent 

The control node SW of toe driver circuit 4 together 
wito the node 0R2 of the auxiary transistor is the point 
where the thermal protection circuit 3 takes effect 
* should be remembered that the emit elements 
4s T1.T2.R2 and R3. inserted between toe controlnode 
0R2 of the auxifiary transistor and toe input terminal IN, 
and in particular toe transistor T1 , perform the fonctkxi 
tfdecrjupTrig the ransistor from the above rrientioned 
terminal This permits ladrtating and speedtog up 
so power down of the device in case of exeessrve temper- 
ature increase, as better descrtoed betow. even if on toe 
input terminal W there is the above mentioned maxi- 
mum voltage. However an equivalent circuH could be 
provided cfifferenfly although with the same purpose. 
55 For example toe transistor T1 which fuffis the role of 
directly controfing switch on of the auxflary transistor 
could be replaced by a generic switch fed by the irput 
terminal IN and coupled to toe control node SW of the 
driver droit 
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The preferred entoocfment of the blocks mating i*) 
tie thermal protection circuit 3 is shown in FIG& 5 6 
and 7. 

to tie preferred embcrfrnent lustrated in FIQ. 5 a 
oroil a tor generaing a reference potenial in accord 
ance win the present invention is of toe so-cafied band- 
gap type, commonry used to the present-day art It 
supples to fie node VB a steady voltage dependent 
of temperature and also independent of input vortaga 
The droit 6 is fed by the input terminal IN through an 
toput stage cornprising a current rrwror T3-T4 and the 
resistors R4.RS end R6. 

Compensation far the voftage with temperature 
change takes place by means of a current nirror 15-T6 
and a transistor T8. The base-emrOer voftage VBE of 
the fcansistor T8 varies wHh terrperalure ki accordance 
wrto a known relation. On tie ofier hand as known the 
difference between the bese-emitter voltages of two 
tanstetore configured as current mirrors varies 
jnven^ to temperature, to tie case of Fia 5 tie 
aansistors TS and TT6 are realized appropriately wtticff- 
ferent values of VBE. 

The potential at tie base B of tie transistor 77 rep- 
resents the ac*usted vottaga. h particular this voftage 
depends cn toe base-emitter voltage of toe transistor TO 
and on the potential drop on tie resistor R8. This test 
potential drop is dependent on toe resistor value of R8 
and on the current flowing through ft. which to turn 
depends on the Difference between the VBEs of the 
transistors T5 and T6 and on the vajue of the resistor 
RIO. Temperature corrpensation takes place by choos- 
ing appropriately the parameters in such a manner as to 
achieve a vatoe independent of temperate. 

The voftage is however effectively drawn from the 
generator circuit 8 at the output node VR. This voltage 
represents therefore a partition, through the civfder con- 
sisting of the resistors R9 and R1 1. of tie voltage at the 
node B without the base-emitter potential drop of the 
transistor T7. The node VR permits havtog advanta- 
geoudy en <xj*kA with tower impedance and toerefere 
better suHed to driving of surxessrve drcuft ttocHs. 

The circuit shown in FIG. 5 is shown by way of 
example but could eas9y be mocWed by one sWIed in 
the art 

The power device to accordance with the present 
invention aJows effective integration of a very simple 
bandgap drcuA Boa the one described above. 

TO. 6 shows the electrical cSagram of a tempera- 
tire sensing droit 5 and a comparator droit 6. As 
Known, in toe preferred embodiment toe two tircu* 
blocks 5 and 6 are incorporated together in a singfe dif- 
fererrfiaJ stage. The sensor/comparator circuit of FK3. 6 
includes two identical branches connected through toe 
stable node VR and respectively a Ireland second out- 
puts C1 and C2. The reference voltage generated by 
the droit 8 and ifiustrated e.g. h FIG. 5 is applied by 
means of the resistors R12 and R13 to toe bases of the 
transistors T9 and T10. The emitters of the two transis- 
tors are connected to ground La to the node GND. On 



the otoer hand the base-emmerjurKte 
tors IB and T10 deftoe potential drops equal and varia- 
ble with the terrperalure present in the device This 
potential drop vafce is compared with toe voftage prede- 
5 terminod by the generator giro* 8 at too ends of toe 
juncBons. When the two values are equal the two 
branches are activated The transistors T9 and T10 
therefore carry out toe dual function of triermal sensor 
and comparator. The reference voltage value is chosen 
to aprjrcfxfatefy to take into conduction toe above men- 
Coned transistors when toe temperature in the device 
• reaches toe maximum preset vatoe. 

The orcu* (lustrated to FIG. 6 represerte an 
embaSmentoltfrabiocks5and6part 
15 geous and simple to inclement 

FIG. 7 shows a first and second svrach droits 11 
and 12 hdfcatad above as a whole in FIGS. 2-3 with tie 
sinrje fencionaj block 7 as deserted above to dotal 
The last switch circuit It is inserted between toe 
20 second OUWC2 of toe sertsw/corrparator droit and 
toe control node DR2 of toe auxiiary transistor R acts 
on the auxrlary transistor to cause its Hercfiction to 
case of an excessive temperature increase, as 
explained below. The first switch drcuft II comprises a 
» pa* of transistors T13 and THori^ 

the node C2. The second switch ctrcuK e is inserted 
between the fret output C1 of the seiw/corrparator 
circuft and toe control node SW of the driver crcuft 4 to 
control its power down under arocal tenperature conol- 
X tfcns. The switch droit 12 is provkfed to a mamersimi. 
JaMothat of toe switch circuit 11 and cornprises toe 
transislors T1 1 and T12. Preferably the switch droit 12 
is also fed from the Input terminal IN of toe device. 
* is observed that the circuit cfiagjam of Fia 7 
35 ,n ctodesbc^ toe sw^ droits. T^ 

mention of both the switch circuits within the scope of 
the present invention has already been discussed 
above. 

Operation of the thermal protection droit as 
40 ^^"Tj^ ccntoirtation of the circuit represerv 
tafionsoftoe FK3S. 4a or 4b, 5, 6 and 7 if the device 
temperaturereaches toe above menttoried critical value 
is as blows. When toe threshold voftage of toe sen- 
sor/corrparator circuit which decreases with tempera- 
<s ture by a known relation equals toe value of the 
reference potential VR the transistors T9 and T10 go 
into conducfon together and stoxAanaousfy. At fts 
poirt the first and second switch circuits II and B are 
turned on. In parfioiar the turn on of toe transistor T9 
so causes conctocoon of the trarisistor T1 1 wtik^ si^fies 
to T12 a current sufjident lo take it into saturation. On 
toe other hand from toe turn on of the transistor T10 
tiere folows that of toe tomsistor T13 which supples to 
toe transistor T14 a current sufficient to send H into sal- 
55 irafiort The transistor T12 of the second switch droit 
t2 acts on the diver circuit 4 and specficaHy on toe tran- 
sistor T2 to take it into interaction. In this manner con- 
nection of the control node OR2 of toe auwSary 
transistor TR2 or M with the input termtoal EN is rter- 
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rupted because of toe turning off of T1 resulting from 
interaction 01 «he transistor 72. The transistor T14 
which represents the output of the frst switch circuit 
abb ads on fte node D«2 to cause toterdktfcn of the 
aux«ary*ransfstor. 

Switch off of the bipofcr power transistor TR1 is 
caused by the Interaction of the auxSary transistor TC 
or M and not drecfly by the logic droiby. 

Attention is drawn to tie presence in the ariverdr- 
cu«4olcircuHelemerrtsaJtowlr^ 
charges present at tie base of the power tanststor 
TR1. These permit Irnprovement of toe switching times 
tor seff-power down of the device inlercrtficat temper- 
ature concfttons even when the voltage appSed to the 
input terminal N is not zero. 

FIG. 8 shows a preferred errbocSrnent of appfica- 
fcn of the bipolar power device wtlh temperatore pro- 
tection, in accordance with the present invention as 
deserted above, to a fluorescent tamp driving system. 
The drcut of Fia 8 Is known to those shied in tie art 
as bnp4>aftast to FK3. 8 LAMP indicates a fluorescent 
tamp. A simpSfied drcut for driving of the lamp LAMP 
comprises a transformer having a primary wincing P in 
series wito the tamp LAMP, and with an inductive bad L 
and a capacitor a Two bipotar power devices repre- 
sented by blocks both indicated by the letter A are 
inserted In series between a first and second power 
suppfy fines VA and VB. A first and second secondary 
wirings SI and S2 of the transformer are to parallel 
with the two blocks, respectively with the tower and 
upper Mocks. An htermecfate terrrttoaJ between the two 
blocks A is connected to tie primary wtocSng P. The 
driving circuit comprises also a ctrfldng circua of known 
type. The striking function Is tutffied essentially by a 
ciode DIAC connected to the lower block A. The circuit 
also comprises the drcua elements O20, R21 and C20 
connected through a rectifier between the power 
devices A and an alternating input current fine. 

In practice the alternating Input current is rectified 
and rtabffzed on the capacitor C10. Striking of the 
tower btock A takes place by means of toe ciode DIAC 
which receives current from a circuit RC connected in 
paraJef with the capacitor CIO and conpnstng the ele- 
ments C20 and R21. The cSode O20 disables the stok- 
ing circut 

The bmp-balast circuit is a setf-oscf lafng drcut 
with naf -bridge The current is switched for a rta*period 
onto the tower btock A and for the other haft-period onto 
the upper btock A by means of toe secondary windings 
S1 and S2 which are inverted-phase operated. 

The appfcalton requires tost switching of the power 
devices A to reduce losses. For tois appficafon it is 
therefore preferable to provide a device havtogapower 
stage to the configuration of FK1 3. The use of such a 
configuration inducing an aux£ary MOS transistor per- 
mits achieving high performance in the switching phase 
and espedatty tower storage times. 

The power device in accordance with the present 
invention also permits advantageously reduction of the 



number of oorrponents which the user rrusl include to 
the application ctcuH compared with the case to which 
a power device without htegjated thermal protection is 
used. 

Of course inodficatJons and variations can be 
made to the bpolar power device descrtoed above by 
way of rtttintifaig example at however (aSngwttito toe 
protecfive scope of the foOowtog dams. 



to Claims 



Moriofitwcaiy integrated bpotar power device for 
driving electrical toads, characterized in it corn- 



so 2. 



- apowerstage(1)tocfua^ 

lar aanststor (TBI) inserted between a fkst 
power supply terminal (C) and a second power 
«^tenrtnai{S)ofthe*yfce, 
feast one control terminal (DR). 

- adrivercircua(4)dthep<)wers^ 

least one output connected to fie control tenrt- 
nai (DR) of the power stage (1) and an input 
connected to an Irput terminal (IN) of toe 
device, and 

- a toerrna! protection circut (3) incorporating: 

a) a temperature sensing circuit (5) for 
generattog a signal dependent on the tem- 
perature present in the device. 

b) a comparator circut (6) having a frst 
input connected to the temperature sens- 
ing circuit to receive said signal, a second 
input connected to a node (REF) kept at a 
reference potential incferjendent of temper- 
ature and at least one output and 

c) at least a First swfch circuit (fi) con- 
nected between said outout of the compa- 
rator circuit (6) and the control termtoaJ 
(DR) of toe power stage (1 ) and ntertocked 
wito toe output of toe comparator (6) to 
generate at fts output a cut off signal when 
the device temperature exceeds a preset 
maximum value. 

Device in accordance with ctoim 1 in which said 
power stage (1) todudes a low-voltage auxiliary 
transistor (TR2 or M) cascade-connected to said 
high-voltage transistor (TR2), characterized in that 
said frst switch circuit (ri) is connected to a control 
node (OR2) of said atadfiary transistor (TH2orM). 

Device in accordance with datoi 2. characterized in 
thai it comprises fortfrermore a second switch dr- 
oit (B) inserted between the output of the compa- 
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ratof droit (6) and a control node (SW) of said 
driver droit (4) and Wertocked with the output of 



4. Device in accordance with daim 3, ch*acterized to 
toai said driver droit (4) comprises, between the 
Input terminal (N) of toe device and the auwlary 
toansistor (TR2 or M). means for cfecoupfing the 
•uxftary transistor (TR2 or M) from said teminaS 
(M) when on the terminal is applied a predeter- 
mined votege, said means having a control node 
connected to a control node (SW) of the driver cir- 
cuit. 

5. Device in accordance wim daim 4. characterized to 
that said means tor decouping comprise at least 
one switch (T1) connected to a control node (DR2) 
of the audSary transistor (TR2 or M) and haying a 
control node rjoupted to said control node (SW) of 
the driver drcui (4). 

€. Device to acxwdarx* with daim 3. characterized In 
that said second switch droit (12) is fed through 
said input terrninal (tN) of the device. 

7. Device in acccxdance wdh daim 6. characterized ii 
that said first switch circuit (11) and said second 
switch droit (12) comprise respective irput transis- 
tors (CT13.T1 1) Nenocted with respective outputs 
of said comparator circuit (C2.C1) and respective 
output transistors (T1 4 ,T12) controlled by said input 
transistors (T13J11)and connected respectively to 
the control node (DR2) of the auxiBary transistor 
(TR2 or M) and to a control node (SW) of said ctover 
circuit (4). 

8. Devicein accordance with daim 1. characterized in 
fhat said temperature sensing droit (5) and said 
comparator circuit (6) are incorporated in a single 
differential stage. 

9. Device in accordance with daim a, charaderized in 
tat said drfferentaJ stage comprises a first and 
second branches (T9,Rl2and T10.R1 3) connected 
between said node kept at the reference poten6aj 
(VR) and said second and first switch ckcuits(l2,l1) 
and having respective junctions defining potertfiaf 
drops variable witi lerrperature and connected in 
parallel between said node (VR) kept at the refer- 
ence potential and a constant voltage terminal i 
(GNO). in such a manner tat the first and second 
branches (T9.R12 and T10.R13) switch to conduc- 
tion when the temperature of the device exceeds 
said preset maxirnurn value. 

i 

10. Device in accordance with dam 1, charaderized in 
thai d further cwrprises a drcUi (8) for gwierattog 
at said node the reference potential independent of 

~ temperature. 



11. Device in accordance with daim 10, characterized 
in tiat said circuit (8) far generating the reference 
potential is of Ihe bancfoap type. 

12. Device in accordance with daim 10, characterized 
to that said circuit (8) comprises a current mirror 
(T5-T6) fed by said input terminal (tN) of the device 
and having an input branch receiving a first current 
proportional to an input current and an output 
branch trough which flows a second current pro- 
portional to said first current and a transistor (T8) 
controted by said second current and connected to 
a reference node (B) , wherein the variafion with toe 
tonperature of the difference between tie base- 
emitter voltages of said currant rrinor is such as to 
compensate for the variation wth the temperature 
through tie base-emitter Juncfion of said transistor 
(T0) to such a manner tiat the potential present on 
said reference node (B) is independent of tempera- 
tore. 

13. Device to accordance with daim 1. characterized h 
that said driver drcuit (4) and said toermaJ protec- 
6on droit (3) are fed by said input terminal 

1*. Orcutlwdrivtogafto^ 
type comprising: 

• a transformer having a primary winding (P) to 
series with tie lamp (LAMP) and a frst and 
second secondary wincfngs (S1.S2). 

- a first and second bipdar power devices for 
driving the lamp (LAMP), both connected to 
series between a first and second power sup- 
ply fines (VA.VB) and connected to parallel 
respectvery witi the first and the second sec- 
ondary windtoos (S1.S2), an irtermerfate ter- 
minal between said bipolar power devices (A) 
being connected to said primary winding (P). 
and 

- a stradng droit (R21.C20.DIAC.D20) function- 
airy connected to said first and second power 
device (A) to activate them, 

characterized in tiat said first and second power 
devices (A) are provided in accordance wrth daim 
1. 



FCS0001225 



EP 0740 491 A1 




9 



FCS0001226 



EP 0 740 491 A1 




FCS0001227 



EPO 740491 A1 




11 



FCS0001228 



EPO 740491 A1 




12 



FCS0001229 



EP0740 491 Al 




EP 0740 431 A1 




FCS0001231 



EP 0740 491 A1 




FCS0001232 



EP 0740 491 A1 



3 



fmmemm Patent 



EUROPEAN SEARCH REPORT 



EP 95 83 0167 



DOCUMENTS CONSIDERED TO BE RELEVANT 



GubM«f J 



CLASSVICAT10N OF THE 



□E-A-38 21 «60 (MITSUBISHI) 

* coluan 13, line 38 - coluan 14, line 52: 
figures 3,4 * 

US-A-4 866 350 (USI LIGHTING) 

* coluan 3, line 57 - coluan 4, line 20: 
figures 1,2 • 

US-A-4 692 688 (STAMOJEVIC) 

* coluan 19, line 41 - coluan 20, line 5; 
figures 2,3F * 



1>8 



14 



H05B41/00 
H02K5/04 
H03K17/08 
H05841/29 



natmcALwaxos 



H02H 
H03K 
H05B 



Tfc* prtm wcwnk Rf«t mm hn Awmvm mm tmw a 



THE HAGUE 



5 October 1995 



CATXCOt Y Or era OOCUMimS T :*^«p*d*m4ah*t 

h ewrt rftmt^ ■ - r"*???^ ■www 



Speiser, P 



0:a 



16 



FCS0001233 



